Candida utilis was grown in batch and continuous culture on prickly pear juice as sole carbon and energy source. In batch culture the maxium specific growth rate QUm) and the substrate yield coefficient (Yr) In view of the high national production of nopal fruit (tuna, prickly pear), studies are being carried out at this Institute to develop industrial processes that will allow the use of fruit now being wasted. It has already been shown (14) that the highest density of tuna is found in the arid zones of Mexico, which constitute more than 50% of its territory. Human consumption of tuna as fresh fruit is almost negligible, due to the fact that this variety of prickly pear has very large seeds, which discourages its direct consumption.
and Y, were 0.47/h and 42.6%, respectively. The best yields occurred in a chemostat at the pH range of 3.5 to 4.5 and temperature of 30 C. A beneficial effect on Ys was observed when the dilution rate (D) was increased. At a D of 0.55/h, the productivity was 2.38 g/liter per h. The maintenance coefficient attained a value of 0.09 g of sugar/g of biomass per h. Increases of D produced higher protein contents of the biomass. The information obtained indicates that protein production with Candida utilis, using prickly pear juice, should be carried out at high dilution rates where the Y, and protein content of the cell mass are also higher.
In view of the high national production of nopal fruit (tuna, prickly pear), studies are being carried out at this Institute to develop industrial processes that will allow the use of fruit now being wasted. It has already been shown (14) that the highest density of tuna is found in the arid zones of Mexico, which constitute more than 50% of its territory. Human consumption of tuna as fresh fruit is almost negligible, due to the fact that this variety of prickly pear has very large seeds, which discourages its direct consumption.
By using chemostat cultures, substrate and gas balances can be readily determined for each dilution rate and therefore for each specific growth rate, providing an excellent means for kinetics and physiological studies, such as the evaluation of the maintenance metabolism (m) of the microorganism. This parameter is a measure of the energy expended in functions other than those required for building up new cell material (15) . The slower the growth rate the larger is the proportion of the total substrate consumed for maintenance, giving as a result less available substrate for biomass synthesis; consequently, the substrate yield coefficient (rs) is diminished (2, 8, 17) . The Y, is also influenced by pH, temperature, and substrate concentration (6, 9) .
This article concerns the production of microbial protein with tuna juice as the sole carbon and energy source. It focused on the effect of pH, temperature, substrate concentration, and specific growth rate on the Y, Attempts were made to correlate the cell composition with the specific growth rate.
MATERIALS AND METHODS
Juice of prickly pear. After the fruits were harvested, they were immediately washed with tap water and pressed in a hydraulic press. The collected juice was filtered through cloth to reduce the content of suspended solids. Since the fruit production season only runs from June to December, the juice was concentrated by evaporation to 65% of total solids and diluted before being used in the medium preparation in order to have juice all year.
Microorganism. The microorganism used in this study was Candida utilis. It was obtained from the culture collection of the Department of Microbiology, Instituto Politecnico Nacional, Mexico.
Inoculum. Yeast cells from a slant culture were transferred into 500-ml shake flasks containing 50 ml of fermentation medium. Cell density was calculated by means of a standard curve, relating optical density and dry weight of cells. The inoculum thus prepared was used in batch cultivation.
Batch experiments. The batch experiments were performed aseptically in a 2-liter fermenter (Fermentation Design, Inc., Allentown, Pa.) containing 1 liter of medium. The medium composition was described previously (13) . The pH was maintained at 4.5 ± 0.1, agitation speed was 700 rpm, aeration was 1 volume of air/volume of medium per min, and temperature was 30 C. Dissolved oxygen in the broth was The experimental data of CO2 output rate, cell density, and dissolved oxygen were plotted against time cultivation (Fig. 1) to show the types of curves presented by C. utilis in the experiments performed. It can be observed that CO2 liberated in the fermenter exit gas followed a lineal relationship with the growth curve during the first 6 h of fermentation. When the biomass concentration reached 7 g/liter, the dissolved oxygen was almost depleted, implying that not enough oxygen was being supplied by the aeration rate established, which affected, perhaps, the Y0.
Continuous cultivation. In Fig. 2 of the biomass increased from about 47.6 to 56.8% as the dilution rate was increased from 0.06 to 0.60/h. At this same range of dilution rate, cell lipids exhibited a general tendency to decrease and to recover again at D higher than 0.35/h. The effect of growth rate on protein content of microorganisms has been studied by several authors. It has been shown with carbon-limited chemostat cultures that protein content remains constant or decreases when the growth rate is increased (3, 6, 10). In ethanol-limited cultures, Abbott et al. (2) have found that protein content increases as the dilution rate increases, similar to the effect observed in the present work. Studies are being carried out on the influence of the growth rate on the nucleic acid content of the biomass and also on the ratio of essential amino acids to total protein.
